Introduction {#S0001}
============

Selenium (Se) and zinc (Zn) are important and indispensable trace elements for normal functioning of the human body, especially during intensified growth. They show multidirectional biological activity. They are cofactors of antioxidative enzymes being an integral part of their molecule. The Se bound by cysteine is found mostly in cytosol and is a part of glutathione peroxidase (GSH-Px), which catalyses disintegration of hydrogen peroxide and modifies lipid hydroxides to harmless molecules (water and proper metals). Zinc is a cofactor of many enzymes including superoxide dismutase (SOD) \[[@CIT0001]--[@CIT0005]\].

Glutathione peroxidase and superoxide dismutase play an important role in maintaining the oxidative-antioxidative balance. Disturbance of this balance leads to the attack of reactive oxygen species (ROS) and damage of the cell membrane. As the result of this reaction, thiobarbituric acid reactive substances (TBARS) are formed. Their value informs about the degree of cell membrane damage caused by ROS \[[@CIT0001], [@CIT0006]--[@CIT0010]\].

In the literature, the participation of ROS in etiopathogenesis of many pathological states, including heart diseases, neoplasms, rheumatoid arthritis, the aging process, peptic ulcer disease and ulcerative colitis, allergic diseases and many others, is emphasized \[[@CIT0007], [@CIT0011]--[@CIT0016]\].

Food allergy seems to be an important current clinical problem, especially in younger children. Its frequency is estimated from 1.8% to 10% of the paediatric population and is highest during the first three years of life \[[@CIT0017], [@CIT0018]\]. The pathogenesis of allergy is still not completely known. Its diverse symptoms are observed after food consumption, and are based on different immunological mechanisms of 4 types of allergy according to Gell and Coombs \[[@CIT0019]\]. Children with food hypersensitivity have increased amounts of mastocytes, eosinophils and neutrophils in the digestive tract \[[@CIT0020], [@CIT0021]\]. Persistent exposure to allergen can lead to chronic inflammatory changes of mucous membrane and increased production of ROS. Excess ROS should be neutralized by components of the antioxidative barrier. Therefore all disturbances of enzymatic and non-enzymatic mechanisms of this barrier lead to many unfavourable reactions including oxidation of cell membrane lipids \[[@CIT0007], [@CIT0022]--[@CIT0025]\].

Participation of ROS in the pathogenesis of allergic diseases is quite often emphasized in the literature \[[@CIT0004], [@CIT0014], [@CIT0015], [@CIT0020], [@CIT0021], [@CIT0024], [@CIT0026]\]. Still there are few studies concerning the role of Se and Zn in the pathogenesis of food allergy \[[@CIT0024], [@CIT0027]\] but more concerning Se concentrations in children with bronchial asthma \[[@CIT0004], [@CIT0028]--[@CIT0030]\] and the results are ambiguous. Moreover, Se has an influence on the endocrine system and immunity mechanisms. Similarly, Zn plays a role in normal reactions of the immune system (both humoral and cellular) of a child \[[@CIT0031]--[@CIT0033]\].

The aim of the study was to investigate and to assess the role of Se and Zn in the pathogenesis of food allergy in infants and young children.

Material and methods {#S0002}
====================

The study was performed in 134 children including 49 girls (36.6%) and 85 boys (63.4%) with food allergy, treated in the 2^nd^ Department of Paediatrics and Allergology and afterwards in the Outpatient Department of Allergology, in the Polish Mother\'s Memorial Hospital Research Institute. The age of examined children ranged from 1 to 36 months (mean age: 15.4 months) including 68 infants (50.7%), 43 children in the second year of life (32.1%) and 23 children in the third year of life (17.2%). The control group comprised 36 healthy children including 16 girls (44.4%) and 20 boys (55.6%) at the same age, without clinical symptoms of food intolerance. The analysis of sex in both groups showed significant predominance of boys.

The diagnosis of food allergy was established by medical history including positive family history for food allergy and type of child feeding, presence of clinical symptoms, elimination-provocation challenge and estimation of serum levels of allergen-specific IgE (RAST) by the immunochemical method. Results below 0.02 IU/ml were regarded as lack of atopy, while serum concentration ≥ 0.76 IU/ml (≥ 2^nd^ class of atopy classification) \[[@CIT0034]\] was regarded as incorrect. Proteins of cow milk, soy, fish, poultry, pork, beef, yolk and white of egg, carrot and tomato were taken into consideration.

Whole blood samples were collected using a technique for Se by fluorimetry and for Zn by flame atomic absorption spectrophotometry \[[@CIT0035]\]. In addition, the authors evaluated activity of glutathione peroxidase (GSH-Px) in erythrocyte lysates and serum (by the method of Paglia and Valentine) \[[@CIT0036]\], and superoxide dismutase (SOD) (by the method of Minami and Yoshikawa) \[[@CIT0037]\]. Tests were performed twice, before and after 6-month administration of the elimination diet.

For conducting the study formal consent of parents and approval of the Ethics Committee were obtained.

Statistical analysis {#S20003}
--------------------

Results of the study were statistically analysed using the statistical package CSS Statistica. For continuous features arithmetic mean (*x*) and standard deviation (SD) were calculated. Normality of decomposition was investigated by the Shapiro Wilk test (*p* = 0.05). For comparison of average values Student\'s *t*-test or Mann-Whitney *U*-test was used. Dependences between features were calculated using the coefficient of correlation by Pearson or Spearman. Also the coefficient of regression equation was calculated.

For conducting the study formal consent of parents and approval of the Ethics Committee were obtained.

Results {#S0004}
=======

The obtained results showed that among 134 children with food allergy, significantly more children (94 children -- 70.1%) had a positive family history for allergy in comparison to children from the control group (3 children -- 8.3%) (*p* \< 0.05). Analysis of feeding showed that among patients with allergy, 46 children (34.3%) were fed artificially from birth in comparison to 6 children from the control group (16.7%). The difference was statistically significant (*p* \< 0.05). It should be noted that the percentage of children breast fed longer than 6 months was significantly lower in children with food allergy (27 children -- 20.2%) in comparison to children from the control group (14 children -- 38.9%).

The analysis of the results showed that among 134 children with food allergy, 91 children (67.9%) had IgE-dependent allergy (allergen-specific IgE against) against chosen food allergens ≥ 2^nd^ class) while 43 children had IgE-independent allergy. In both groups the most frequent allergens were proteins of cow milk (62.6%) followed by yolk of egg (16.5%), soya (14.3%) and white of egg (12.1%). Analysis of feeding type during infancy showed that the percentage of children artificially fed was higher among children with food allergy (34.3%) in comparison to children from the control group (16.7%).

Analysis of clinical manifestation of food allergy in the examined children showed that only 43 children (32.1%) had an isolated form of allergy (presenting symptoms from only one system). On the other hand, significantly more children (91 patients -- 67.9%) had symptoms from at least two systems. Analysis of symptoms from particular systems showed that 99 children (73.9%) presented symptoms from the respiratory tract and 96 children (71.6%) had symptoms from the digestive tract, while 76 children (56.7%) had skin changes.

Children with food allergy (both IgE-dependent and IgE-independent) had significantly lower blood concentrations of Se before dietary treatment in comparison to children from the control group. Children with IgE-dependent allergy had higher blood concentrations of Se in comparison to children with IgE-independent allergy. Similarly, serum concentrations of Zn were lower in children with both types of allergy in comparison to children without allergy, and this difference was statistically significant. Mean concentrations of examined microelements increased after dietary treatment ([Table I](#T0001){ref-type="table"}).

###### 

Mean values of selenium (Se) and zinc (Zn)

  Microelements   Tests        Examined children                                            
  --------------- ------------ ------------------- ------------- ------------ ------------- ------------
  Se \[µg/l\]     I            42.6 ±15.4          *p* \< 0.05   48.3 ±10.5   *p* \< 0.02   39.2 ±10.6
  II              45.6 ±14.5   *p* \> 0.05         *p* \< 0.05   40.1 ±9.1                  
  Zn \[mg/l\]     I            0.81 ±0.3           *p* \< 0.05   0.85 ±0.26   *p* \< 0.05   0.72 ±0.15
  II              0.87 ±0.88   *p* \> 0.05         *p* \> 0.05   0.77 ±0.18                 

I -- before, II -- after at least 6 months of treatment

The analysis of activity of examined enzymes (GSH-Px and SOD) showed that mean values were significantly lower in children with IgE-dependent allergy in comparison to the control group. Similarly, children with IgE-independent food reactions had lower mean values of glutathione peroxidase activity in erythrocytes as well as serum superoxide dismutase concentrations. On the other hand, there were no such differences concerning serum activity of glutathione peroxidase. Activity of examined enzymes increased after application of an eliminative diet and this dependence was stronger in the case of serum levels of glutathione peroxidase ([Table II](#T0002){ref-type="table"}).

###### 

Mean values of GSH-Px and SOD activity in examined children

  Microelements          Tests        Examined children                                            
  ---------------------- ------------ ------------------- ------------- ------------ ------------- ------------
  GSH-Pxo \[j.e./ml\]    I            0.11 ±0.04          *p* \< 0.08   0.13 ±0.04   *p* \> 0.05   0.13 ±0.07
  II                     0.23 ±0.25   *p* \< 0.05         *p* \> 0.05   0.15 ±0.04                 
  GSH-Pxe \[j.e./gHb\]   I            10.4 ±2.9           *p* \< 0.05   11.8 ±2.9    *p* \< 0.05   10.5 ±2.9
  II                     11.2 ±2.4    *p* \> 0.05         *p* \> 0.05   11.8 ±4.8                  
  SOD \[U/mgHb\]         I            1.25 ±0.45          *p* \< 0.05   1.67 ±0.66   *p* \< 0.05   1.40 ±0.30
  II                     1.62 ±0.67   *p* \> 0.05         *p* \> 0.05   1.60 ±0.63                 

I -- before, II -- after at least 6 months of treatment

The percentage decrease of examined enzymes in children with allergy in comparison to children without allergy is graphically shown in [Figure 1](#F0001){ref-type="fig"}.

![Analysis of deficiencies of examined enzymes before and after treatment](AMS-8-19922-g001){#F0001}

Results of the analysis also showed a positive correlation between activity of glutathione peroxidase and Se serum concentrations. Results of Spearman\'s correlation coefficient in children with both types of allergy are graphically shown in [Figure 2](#F0002){ref-type="fig"}.

![Correlation between concentrations of selenium (Se) and glutathione peroxidase (GSH-Px) of examined children](AMS-8-19922-g002){#F0002}

A significant positive correlation between both serum and erythrocyte activity of glutathione peroxidase and Se concentrations was found. On the other hand, no correlation was found between activity of superoxide dismutase and Zn concentrations. Spearman\'s correlation coefficient was not significant (*r* = 0.197, *p* = 0.08).

Discussion {#S0005}
==========

Selenium and Zn play many significant functions in the human body, including an important role in the antioxidative barrier, because of their participation in the active centre of purification system enzymes. In the present study, children with food allergy (both IgE-dependent and IgE-independent) had significantly lower values of Se and Zn in comparison to examined children without allergy. These findings are compatible with the results of other authors \[[@CIT0024], [@CIT0027]\]. Similarly, some authors confirmed lower Se concentrations in children with bronchial asthma \[[@CIT0004], [@CIT0015], [@CIT0028], [@CIT0029]\] and atopic dermatitis \[[@CIT0030]\]. Deficiency of these elements can be a cause of decreased activity of glutathione peroxidase and superoxide dismutase \[[@CIT0007], [@CIT0024], [@CIT0038]\].

It should be mentioned that decrease of Se and Zn concentrations can be caused by many factors, including supply in the diet, capacity for absorption in the digestive tract, and age of the child. Blood concentration of Se depends on diet and content in soil \[[@CIT0039]--[@CIT0041]\]. The study of Wąsowicz and Zachara published in 1987 \[[@CIT0042]\] and the study of Zachara published in 1983 \[[@CIT0043]\] showed that Poland is one of the countries that have soil poor in Se. Daily consumption of this element is low, which causes its decreasing amount in mother\'s milk during lactation \[[@CIT0044]\]. Similar dependence was shown in the Greek population by Bratakos and Ioannou in 1991 \[[@CIT0045]\]. Taking into consideration the fact that milk is an essential food for infants and small children, it seems that the supply of Se in children is insufficient. On the other hand, the requirements of a child are high because of age and the quick rate of somatic growth \[[@CIT0005], [@CIT0037]\].

Another possible cause of Se deficiency in small children with food allergy is the still immature or defective function of the small intestine mucous membrane, causing decreased absorption. Confirmation of this thesis can be found in the study of Aaseth *et al*. \[[@CIT0046]\], who observed a considerable decrease of Se after partial resection of the small intestine.

Studies of many authors have shown that Se deficiency can cause decreased activity of glutathione peroxidase and lower efficiency of the antioxidative barrier \[[@CIT0024], [@CIT0027], [@CIT0047]\]. The results of our study are compatible with the above observations, because examined children with allergy had significantly decreased activity of glutathione peroxidase. Positive Spearman coefficient confirms dependence between Se concentrations and activity of glutathione peroxidase in children with food allergy.

Deficiency of Zn in children with food allergy can be caused by different factors, similarly to Se. Data presented in the medical literature show that Polish women during pregnancy have lower values of Zn in comparison to women who are not pregnant. Similarly, they have lower values of this microelement in comparison to women from other countries \[[@CIT0037], [@CIT0042], [@CIT0044]\]. It was also confirmed that absorption of Zn is higher from breast milk. That is why artificial feeding predisposes to Zn deficiency \[[@CIT0005], [@CIT0031], [@CIT0048], [@CIT0049]\]. Among examined patients with food allergy, there were significantly more children artificially fed since birth. A high percentage of children in the first year of life could additionally predispose to lower values of Zn.

In conclusion, in children with allergy decreased concentrations of Se and Zn, and lower values of glutathione peroxidase and superoxide dismutase, which increased after an elimination diet, were affirmed. These observations suggest their role in pathogenesis of food allergy. The conducted observations indicate the need to monitor trace elements content in the diet in children with food allergy. The results showed that children with food allergy had a weakened antioxidative barrier.
